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I.  INTRODUCTION 


The  CMX-4  dye  laser  is  a  linear  f lashlamp-pumped  device  that  excites  the 
active  medium  (organic  dye  solution)  with  the  light  emitted  from  the 
flashlamp.  The  linear  flashlamp  and  dye  flow  tube  are  at  opposite  foci  of  an 
ellipsoidal  reflector.  The  flashlamp  is  cooled  by  being  immersed  in  flowing 
deionized  water.  The  deionized  water  is  cooled  through  a  heat  exchanger  by 
tap  water.  The  water  leaving  the  heat  exchanger  goes  on  to  a  second  heat 
exchanger  to  cool  the  dye  solution.  The  deionized  water  is  circulated  in  a 
closed  loop  and  is  repurified  continuously  by  a  booster  cartridge.  It  was 
found  that  maintaining  tap  water  temperature  at  30°C  caused  the  total  laser 
power,  on  a  pulse  to  pulse  basis,  to  be  far  more  uniform.  In  addition, 
further  improvements  in  the  spatial  mode  structure,  that  is,  how  the  power  is 
distributed  throughout  the  area  of  the  beam,  were  attained  by  the 
aforementioned  authors  by  maintaining  the  deionized  water  temperature  from 
0.5°  cooler  to  2.0°C  warmer  than  the  temperature  of  the  dye  solution  loop. 

The  original  technique  provides  precision  temperature-controlled 
cooling/reheating  systems,  one  for  each  loop,  which  at  best,  is  expensive,  and 
increases  the  complexity  of  the  overall  system  unnecessarily. 


II.  EXPERIMENTAL/RESULTS 

Referring  to  the  figure,  the  original  piping  of  tap  water  and  deionized 
water  is  shown  on  the  left.  Internal  piping  is  cut  where  marked  with  an  "X" 
and  is  reconnected  as  shown  in  the  drawing  on  the  right.  The  result  of  this 
modification  is  the  reuse  of  the  deionized  water  which  has  been  used  to  cool 
the  flashlamp  to  heat  or  cool  the  dye  as  necessary.  Since  the  heat  load  on 
the  dye  is  almost  zero,  the  dye  temperature  quickly  matches  the  temperature  of 
the  deionized  water  to  within  the  desired  range,  as  indicated  by  the  results 
in  the  table.  No  active  temperature  control  units  are  required  to  maintain 
the  desired  temperature  relationship. 


III.  CONCLUSION 

The  technique  described  rather  elegantly  eliminates  unnecessary 
temperature  control  mechanisms  (accomplishes  the  desired  goal  with  no  expense 
whatsoever  for  additional  apparatus),  and  achieves  the  goals  of  increased 
spatial  mode  structure  stability  as  described  by  FitzPatrick  and  Piepmeier. 


Ij.R.  FitzPatrick  and  E.H.  Piepmeier,  "Thermal  Effects  Upon  Spatial  Mode 
Structure  of  a  Linear  Flashlamp-Pumped  Dye  Laser,"  Anal .  Chem.,  Vol.  50, 
No.  13,  p.  1936,  1978. 


5 


A  UMBILICAL  TO  0  DRAIN 

LAS6R  HEAD  £  RETURN  FROM 

B  DEIONIZED  WATER  DYE  LOOP 

RETURN  f  OUTLET  TO 

C  DEIONIZED  WATER  DYE  LOOP 

OUTLET  G  TAP  WATER  INLET 


H  DEIONIZED  WATER 
HEAT  EXCHANGER 
I  PUMP 

J  DEIONIZED  WATER 
RESERVOIR 
X  LOCATION  OF 
CUT  LINE 


Fig.  1.  Left,  block  diagram  of  unmodified  CMX-4  coolant  syystem; 
right,  block  diagram  of  modified  CMX-4  coolant  system. 


Temperature  measurements  were  made  after  the  CMX-4  was  stabilized  at  10  pulses 
per  second  with  the  following  results: 


Room 

Tap  Water 

TABLE  1.  TEMPERATURE, 

Deionized  Water,  T(j) 

°C 

Dye,  Tm 

T(2)-T 

23.2 

20.3 

25.4 

26.0 

0.6 

24.7 

25.8 

29.4 

30.3 

0.9 

23.4 

30.0 

32.1 

32.3 

0.2 

6 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 


No.  Of 


Organizat ion 


12  Administrator 

Defense  Technical  Info  Center 
ATTN:  DTIC-DDA 
Cameron  Station 
Alexandria,  VA  22314 

1  Commander 

USA  DARCOM 
ATTN :  DRCDMD-ST 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

1  Commander 
USA  ARRADCOM 
ATTN :  DRDAR-TDC 

D.  Gyorog 

Dover,  NJ  07801 

2  Commander 

USA  ARRADCOM 
ATTN:  DRDAR-TSS 
Dover,  NJ  07801 

1  Commander 

USA  ARRCOM 
ATTN:  DRSAR-LEP-L 
Rock  Island,  IL  61299 

1  Director 

USA  ARRADCOM 
Benet  Weapons  Laboratory 
ATTN:  DRDAR-LCB-TL 
Watervliet,  NY  12189 


4  Commander 

US  Army  Research  Office 
ATTN:  R.  Girardelli 
D.  Mann 
R.  Singleton 
D.  Squire 

Research  Triangle  Park,  NC 
27709 

1  Commander 

USA  Communications  Research 
and  Development  Command 
ATTN :  DRSEL-ATDD 
Fort  Monmouth,  NJ  07703 

1  Commander 

USA  Electronics  Research  and 
Development  Command 
Technical  Support  Activity 
ATTN:  DELSD-L 
Fort  Monmouth,  NJ  07703 

2  Commander 
USA  ARRADCOM 
ATTN:  DRDAR-LCA-G, 

D.S.  Downs 
J.A.  Lannon 
Dover,  NJ  07801 

1  Commander 

USA  ARRADCOM 

ATTN:  DRDAR-LC,  L.  Harris 
Dover,  NJ  07801 


1  Commander 

USA  Aviation  Research  and 
Development  Command 
ATTN :  DRDAV-E 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120 

1  Director 

USA  Air  Mobility  Research  and 
Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 


1  Commander 

USA  ARRADCOM 
ATTN:  DRDAR-SCA-T , 

L.  Stiefel 

Dover,  NJ  07801 

1  Commander 

USA  Missile  Command 
ATTN :  DRSMI-R 

Redstone  Arsenal,  AL  35898 

1  Commander 

USA  Missile  Command 

ATTN:  DRSMI-YDL 

Redstone  Arsenal,  AL  35898 


7 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organisation 

2  Commander 

USA  Missile  Command 

ATTN:  DRSMI-RK,  D.J.  If shin 

Redstone  Arsenal,  AL  35898 

1  Commander 

USA  Tank  Automotive 
Command 

ATTN:  DRSTA-TSL 
Warren,  MI  48090 

1  Director 

USA  TRADOC  System  Analysis 
Activity 
ATTN:  ATAA-SL 
WSMR,  NM  88002 

2  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Benning,  GA  31905 


1  Chief  of  Naval  Research 

ATTN:  R.S.  Miller,  Code  432 
800  N.  Quincy  Street 
Arlington,  VA  22217 

1  Navy  Strategic  Systems 

Project  Office 
ATTN:  R.D.  Kinert ,  SP  2731 
Washington,  DC  20376 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  J.  Ramnarace, 

AIR-541 11C 

Washington,  DC  20360 


No.  Of 

Copies  Organisation 

1  Commander 

Naval  Surface  Weapons  Center 
ATTN:  J.L.  East,  Jr.,  G-20 
Dahlgren,  VA  22448 

1  Commander 

Naval  Surface  Weapons  Center 
ATTN:  G.B.  Wilmot,  R-16 
Silver  Spring,  MD  20910 

4  Commander 

Naval  Weapons  Center 
ATTN:  R.L.  Derr,  Code  388 
China  iAke,  CA  93555 

1  Commander 

Naval  Weapons  Center 
ATTN:  T.  Boggs 
China  lake,  CA  93555 

3  Commanding  Officer 

Naval  Ordnance  Station 
ATTN:  C.  Irish 

S.  Mitchell 
P.  L.  Stang,  Code  515 
Indian  Head,  MD  20640 


1  Commanding  Officer 

Naval  Underwater  Systems 
Center  Weapons  Dept. 

ATTN:  R.S.  Lazar/Code  36301 
Newport ,  RI  02840 

1  Superintendent 

Naval  Postgraduate  School 
Dept,  of  Aeronautics 
ATTN:  D.W.  Netzer 
Monterey,  CA  93940 

6  AFRPL  (DRSC) 

ATTN:  R.  Geisler 
D.  George 
B.  Goshgarian 
J.  Levine 
W.  Roe 
D.  Weaver 

Edwards  AFB,  CA  93523 


8 


DISTRIBUTION  LIST 


No.  Of  No.  Of 

Copies  Organization  Copies  Organization 


1  AFATL/DLDL 

ATTN:  O.K.  Heiney 
Eglin  AFB ,  FL  32542 

1  AFOSR 

ATTN:  L.H.  Caveny 
Bolling  Air  Force  Base 
Washington,  DC  20332 

1  NASA 

Langley  Research  Center 
ATTN:  G.B.  Northam/MS  168 
Hampton,  VA  23365 

5  National  Bureau  of  Standards 

ATTN:  J.  Has tie 
M.  Jacox 
T.  Kashiwagi 
H.  Semerjian 
J.  Stevenson 
Washington,  DC  20234 


1  Aerojet  Solid  Propulsion  Co. 

ATTN:  P.  Micheli 
Sacramento,  CA  95813 

1  Applied  Combustion 

Technology,  Inc. 

ATTN:  A.M.  Varney 
2910  N.  Orange  Avenue 
Orlando,  FL  32804 

2  Atlantic  Research  Corp. 

ATTN:  M.K.  King 

5390  Cherokee  Avenue 
Alexandria,  VA  22314 

1  Atlantic  Research  Corp. 

ATTN:  R.H.W.  Waesche 
7511  Wellington  Road 
Gainesville,  VA  22065 


1  AVOO  Everett  Rsch.  Lab.  Div. 
ATTN:  D.  Stickler 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 


1  Battelle-Columbus  labs 
Tactical  Technology  Center 
ATTN:  J.  Huggins 

505  King  Avenue 
Columbus,  OH  43201 

2  Exxon  Research  &  Engineering 
ATTN :  A.  Dean 

M.  Chou 
P.0.  Box  45 
Linden,  NJ  07036 

1  Ford  Aerospace  and 

Communications  Corp. 

DIV AD  Division 
Div.  Hq.,  Irvine 
ATTN:  D.  Williams 
Main  Street  &  Ford  Road 
Newport  Beach,  CA  92663 

1  General  Electric  Armament 

&  Electrical  Systems 
ATTN:  M.J.  Bulman 
Lakeside  Avenue 
Burlington,  VT  05402 

1  General  Electric  Company 

ATTN:  M.  Lapp 
Schenectady,  NY  12301 

1  General  Electric  Ordnance 

Systems 

ATTN:  J.  Mandzy 
100  Plastics  Avenue 
Pittsfield,  MA  01203 

1  General  Motors  Rsch  labs 

Physics  Department 
ATTN:  J.H.  Bechtel 
Warren,  MI  48090 

3  Hercules,  Inc. 

Allegheny  Ballistics  Lab 
ATTN:  R.R.  Miller 

P.0.  Box  210 
Cumberland,  MD  21501 


9 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

3  Hercules,  Inc. 

Bacchus  Works 
ATTN:  K.P.  McCarty 
P.0.  Box  98 
Magna,  UT  84044 

1  Hercules,  Inc. 

AFATL/DIJDL 

ATTN:  R.L.  Simmons 

Eglin  AFB,  FL  32542 

1  Honeywell,  Inc. 

Defense  Systems  Division 
ATTN:  D.E.  Broden/ 

MS  MN50-2000 
600  2nd  Street  NE 
Hopkins,  MN  55343 

1  IBM  Corporation 

ATTN:  A.C.  Tam 
Research  Division 
5600  Cottle  Road 
San  Jose,  CA  95193 

1  Lawrence  Livermore  Nat'l  Lab. 

ATTN:  C.  Westbrook 

P.0.  Box  808 
Livermore,  CA  94550 

1  Lockheed  Missiles  &  Space  Co. 

ATTN :  George  Lo 
3251  Hanover  Street 
Dept.  52-35/B204/2 
Palo  Alto,  CA  94304 

1  Los  Alamos  National  Lab 

ATTN:  B.  Nichols 
T7 ,  MS-B284 
P.O.  Box  1663 
Los  Alamos,  NM  87545 


No.  Of 

Copies  Organization 

1  Olin  Corporation 

Smokeless  Powder  Operations 
ATTN :  R. L.  Cook 
P.O.  Box  222 
St.  Marks,  FL  32355 

1  Paul  Gough  Associates,  Inc. 
ATTN:  P.S.  Gough 

P.O.  Box  1614 
Portsmouth,  NH  03801 

2  Princeton  Combustion 

Research  Laboratories 
ATTN:  M.  Summerfield 
N.A.  Messina 

1041  US  Highway  One  North 
Princeton,  NJ  08540 

1  Pulsepower  Systems,  Inc. 

ATTN:  L. C.  Elmore 
815  American  Street 
San  Carlos,  CA  94070 

1  Rockwell  International 
Rocketdyne  Division 
ATTN:  J.E.  Flanagan/HB02 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

2  Sandla  National  Laboratories 
Combustion  Sciences  Dept. 
ATTN:  R.  Cattolica 

D.  Stephenson 
Livermore,  CA  94550 

1  Science  Applications,  Inc. 

ATTN:  R.B.  Edelman 
23146  Cumorah  Crest 
Woodland  Hills,  CA  91364 

1  Science  Applications,  Inc. 

ATTN:  H.S.  Pergament 
1100  State  Road,  Bldg.  N 
Princeton,  NJ  08540 


10 


DISTRIBUTION  LIST 


No.  Of 
Copies 


Organization 


No.  Of 
Copies 


Organization 


1  Space  Sciences,  Inc. 

ATTN :  M.  Farber 
Monrovia,  CA  91016 

4  SRI  International 

ATTN:  S.  Barker 
D.  Crosley 
D.  Golden 
Tech  Lib 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

I  Stevens  Institute  of  Tech. 

Davidson  Laboratory 
ATTN:  R.  McAlevy,  III 
Hoboken,  NJ  07030 


1  Universal  Propulsion  Company 

ATTN:  H.J.  McSpadden 
Black  Canyon  Stage  1 
Box  1140 

Phoenix,  AZ  85029 

1  Veritay  Technology,  Inc. 

ATTN:  E.B.  Fisher 
P.0.  Box  22 

Bowmansville ,  NY  14026 

1  Brigham  Young  University 

Dept,  of  Chemical  Engineering 
ATTN:  M.W.  Beckstead 
Provo,  UT  84601 


1  Teledyne  McCormack-Selph 

ATTN:  C.  Leveritt 
3601  Union  Road 
Hollister,  CA  95023 

1  Thiokol  Corporation 

Elkton  Division 
ATTN:  W.N.  Brundige 
P.0.  Box  241 
Elkton,  MD  21921 

3  Thiokol  Corporation 

Huntsville  Division 
ATTN:  D. A.  Flanagan 
Huntsville,  AL  35807 

3  Thiokol  Corporation 

Wasatch  Division 
ATTN:  J. A.  Peterson 
P.0.  Box  524 

Brigham  City,  UT  84302 

1  United  Technologies 
ATTN:  A. C.  Eckbreth 
East  Hartford,  CT  06108 

2  United  Technologies 
Chemical  Systems  Div. 
ATTN:  R.  S.  Brown 

R.  0.  McLaren 
P.0.  Box  358 
Sunnyvale,  CA  94086 


1  Director 

Jet  Propulsion  Laboratory 
MS  125/159 
4800  Oak  Grove  Drive 
Pasadena,  CA  91103 

1  California  Institute  of 

Technology 

ATTN:  F.E.C.  Culick/ 

MC  301-46 
204  Karman  Lab. 

Pasadena,  CA  91125 

1  University  of  California, 

Berkeley 

Mechanical  Engineering  Dept. 
ATTN:  J.  Daily 
Berkeley,  CA  94720 


1  Los  Alamos  National  Lab. 

ATTN:  T.D.  Butler 

P.0.  Box  1663,  Mail  Stop  B216 

Los  Alamos,  NM  87545 

2  University  of  California, 

Santa  Barbara 
Quantum  Institute 
ATTN:  K.  Schofield 
M.  Steinberg 

Santa  Barbara,  CA  93106 


1  1 


DISTRIBUTION  LIST 


No.  Of 

Copies  Organization 

1  University  of  Southern 

California 
Dept,  of  Chemistry 
ATTN:  S.  Benson 
Los  Angeles,  CA  90007 

1  Case  Western  Reserve  Univ. 

Div.  of  Aerospace  Sciences 
ATTN:  J.  Tien 
Cleveland,  OH  44 135 

1  Cornell  University 

Department  of  Chemistry 
ATTN:  E.  Grant 
Baker  Laboratory 
Ithaca,  NY  14850 

1  Univ.  of  Dayton  Rsch  Inst. 

ATTN:  D.  Campbell 
AFRPL/PAP  Stop  24 
Edwards  AFB ,  CA  93523 

1  University  of  Florida 

Dept,  of  Chemistry 
ATTN:  J.  Winefordner 
Gainesville,  FL  32601 

1  Georgia  Institute  of 

Technology 
School  of  Aerospace 
Engineering 
ATTN:  E.  Price 
Atlanta,  GA  30332 

2  Georgia  Institute  of 

Technology 
School  of  Aerospace 
Engineering 
ATTN:  W.C.  Strahle 
B.T.  Zinn 

Atlanta,  GA  30332 

1  Hughes  Aircraft  Company 

ATTN:  T.E.  Ward 
8433  Fallbrook  Avenue 
Canoga  Park,  CA  91303  - 


No.  Of 

Copies  Organization 

1  University  of  Illinois 

Dept,  of  Mechanical  Engineering 
ATTN:  H.  Krier 
144  MEB,  1206  W.  Green  St. 
Urbana,  IL  61801 

1  Johns  Hopkins  University/ APL 

Chemical  Propulsion 
Information  Agency 
ATTN:  T.W.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20707 

1  University  of  Minnesota 

Dept,  of  Mechanical 
Engineering 
ATTN:  E.  Fletcher 
Minneapolis,  MN  55455 

4  Pennsylvania  State  University 

Applied  Research  Laboratory 
ATTN:  G.M.  Faeth 
K.K.  Kuo 

H.  Palmer 
M.  Micci 

University  Park,  PA  16802 

1  Polytechnic  Institute  of  NY 
ATTN:  S.  Lederman 

Route  110 

Farmingdale,  NY  11735 

2  Princeton  University 
Forrestal  Campus  Library 
ATTN:  K.  Brezinsky 

I.  Glassman 
P.0.  Box  710 
Princeton,  NJ  08540 

1  Princeton  University 

MAE  Dept.,  Eng.  Quad. 

ATTN:  F. A.  Williams,  D325 
P.0.  Box  710 
Princeton,  NJ  08540 


12 


DISTRIBUTION  LIST 


No.  Of 
Copies 

2 


3 


1 


2 


Organization 


No.  Of 

Copies  Organization 


Purdue  University 
School  of  Aeronautics 
and  Astronautics 
ATTN:  R.  Glick 

J.R.  Osborn 
Grissom  Hall 

West  Lafayette,  IN  47907 

Purdue  University 
School  of  Mechanical 
Engineering 
ATTN:  N.M.  Iaurendeau 
S.N.B.  Murthy 
D.  Sweeney 
TSPC  Chaffee  Hall 
West  Iafayette,  IN  47907 


1  Stanford  University 
Dept,  of  Mechanical 

Engineering 
ATTN:  R.  Hanson 
Stanford,  CA  94305 

2  University  of  Texas 
Dept,  of  Chemistry 
ATTN:  W.  Gardiner 

H.  Schaefer 
Austin,  TX  78712 

1  University  of  Utah 

Dept,  of  Chemical  Engineering 

ATTN:  G.  Flandro 

Salt  Lake  City,  UT  84112 


Rensselaer  Polytechnic  Inst. 
Dept,  of  Chemical  Engineering 
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DRDAR-CLN 
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USER  EVALUATION  OF  REPORT 


Please  take  a  few  minutes  to  answer  the  questions  below;  tear  out 
this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  place 
in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1 .  BRL  Report  Number^ _ _ _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc . )  _ _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 

Name : 


Telephone  Number: 
Organization  Address: 


-  FOLD  HERE  - 


Director 

US  Army  ballistic  Research  Laboratory 

ATTN:  DRDAR-BLA-S 

Aberdeen  Proving  Ground,  MD  21005 


OFFICIAL  BUSINESS 

PENALTY  POR  PRIVATE  USE.  *300 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  12062  WASHINGTON, OC 
POSTAGE  WILL  BE  PAIO  BY  DEPARTMENT  OF  THE  ARMY 


Director 

US  Army  Ballistic  Research  Laboratory 

ATTN:  DRDAR-BLA-S 

Aberdeen  Proving  Ground,  MD  21005 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


FOLD  HERE 


